Alternatively, for a potential with the property of asymptotic freedom the extracted QCD constant Λ (in the V-scheme) is Λ(n f = 4) = 395±10 MeV which gives a large freezing value for the coupling, αcrit ≈ 0.60, and at the same time corresponds to the conventional value Λ MS (n f = 4) = 277 ± 7 MeV.
Introduction
Recently the CLEO collaboration has discovered the first stable D-wave state in bottomonium with a mass M (1D) = 10162.2±1.6 MeV which is consistent with the J = 2 assignment [1] .The observation of this state is also a great success of the potential model (PM) since just in the framework of the PM approach the strategy how to observe the 1D state was developed and correct numbers for the radiative transitions and the M (1D) mass were obtained [2, 3] . A study of the orbital and radial bb excitations which have relatively large sizes is also very important for a better understanding of the fundamental interaction in the IR region. At present different conceptions about the value of the strong coupling in the IR region exist. In lattice QCD the static potential, parametrized as a linear plus Coulomb potential, has the small value α static = 0.20 − 0.27 [4] . In phenomelogical potentials alpha is larger but spreads over a wide range from α static ∼ = 0.33 − 0.39 [5, 6] up to the rather large values 0.42 − 0.45 adopted in recent calculations [7, 8] . Our point of view discussed here is that after the discovery of the Υ(1D) the bottomonium spectrum already contains enough information to define the freezing value of the coupling in an unambiguos way.
Analysis of the spectrum
Among the excited states in bottomonium the most precise information about the static interaction can be extracted from an analysis of the 1P , 2P , 1D, and 2D states, because they lie below the open flavor threshold and have no hadronic shifts. Moreover, instead of the absolute masses it is more convenient to consider the splittings since they are less sensitive to the choice of such parameters as the b-quark mass m and in the differences the relativistic corrections (about 6 − 10 MeV) are partially or completely cancelled. From experiment we take two splittings between the spin-averaged masses for orbital excitations:
which are measured, as well as the masses M cog (1P ) = 9900.1 ± 0.6 MeV, M cog (2P ) = 10260.0 ± 0.6 MeV, and M (1D 2 ) = 10162.2 ± 1.2 MeV, with great accuracy. However, for M cog (1D) one needs to take into account the small difference between M cog (1D) and M (1D 2 ) coming from the fine structure splittings: M cog (1D) = M exp (1D 2 ) + δ FS where in Ref. [3] it was found that δ FS is small and lies in the range 0 ≤ δ FS ≤ 1 MeV so that δ FS can be included in the theoretical error given in Eq. (1). The important feature of the splitting ∆ 1 is that the theoretical value for this quantity is the same in the nonrelativistic approximation (NR) as in the relativistic case, i.e. for the solution of the spinless Salpeter equation (SSE), due to the fact that relativistic corrections to the 1D and 1P states are equal and therefore cancel in ∆ 1 .
In the NR approximation the eigenvalues of the Schrödinger equation are convenient to use in the form suggested in Ref. [5] 
so that the splittings are
while the ratio
does not explicitly depend on σ and m. From (1) the experimental value for the ratio η is also known with 2% accuracy,
This value can easily be compared with the theoretical one given in Table 1 together with the reduced eigenvalues ζ(nL) for different values of the dimensionless parameter λ = κ(m 2 /σ) (1/3) where κ = 4α static /3. For fixed m and σ the parameter λ characterizes the strength of the Coulomb potential and for λ ∼ = 2.2 − 2.6 the ratio η turns out to be smaller than the GeV, α static = 0.39 and λ = 2.74 were adopted. However, even for such large m the splitting ∆ 1 = 249 MeV, which is still smaller than the experimental value given in Eq. (1). From Table 1 one can conclude that the correct value of η is found only for large λ around λ = 3.0.
To illustrate the sensitivity of the bottomonium spectrum to the value of the strong coupling, we present in Table 2 three spectra for the static potential
with different characteristic sets of parameters. The first set is taken from lattice calculations in full QCD with n f = 3 [4] , the second one refers to the "classical" Cornell potential [5] . Our set of parameters is given by α static = 0.4448, σ = 0.1793 GeV 2 , m = 4.80 GeV, C = 0,
and corresponds to the parameter λ = 3.0. For our variant it is also important that in Eq. (7) m has the conventional value for the pole mass of the b quark and that the constant C is taken equal to zero in accord with the result of Ref. [9] where such a restriction on C in bottomonium was obtained.
Comparison of M cog (nL) from Table 2 clearly shows that the splittings ∆ 1 and ∆ 2 between orbital excitations (but not for the nS states) depend on α static and grow with increasing strong coupling. For α static ∼ = 0.45 the 1D − 1P splitting appears to be in precise agreement with the experimental value Eq. (1) while the 2P − 1P splitting (for the same set of the parameters, Eq. (7))is ∆ 2 = 268 MeV, which is by 8 MeV larger than ∆ 2 (exp) and agreement between them can be reached only if the relativistic corrections are taken into account.
Thus from our analysis of the splittings for the Cornell potential with α static = const we conclude that a large coupling
is needed to describe the 1D − 1P and 2P − 1P splittings in bottomonium. The spin-averaged masses M (nL) of the states below the BB threshold for the lattice static potential from Ref. [4] , the Cornell potential [5] and the set of the parameters Eq. (7). For the potentials where the strong coupling depends on the QQ separation r and has the property of asymptotic freedom at small r and the property of freezing at large r, the physical picture does not change. Our calculations [10] show that for the coupling α B (r) taken from background perturbation theory [11] a good description of the bb spectra and splittings ∆ 1 and ∆ 2 is obtained for relatively large QCD constant Λ V (n f ) in the vector-scheme [12] , namely for Λ V (n f = 4) = 395 ± 10 MeV.
Lattice potential
The freezing, or critical, value of α B (r) is expressed through Λ V (n f ) in the following way [11] 
where
with the background mass M B defined as the lowest hybrid excitation: [14] . Here M B = 1.0 GeV is taken. Then from the value Eq. (9) it follows that α crit = 0.60 ± 0.02 (n f = 4).
Note that the value obtained for α crit (n f = 4) is in striking coincidence with α crit introduced in Ref. [13] in a phenomenological way. It is of interest to notice that the freezing value Eq. (11) extracted is about 25% larger than α static ∼ = 0.45 for the Cornell potential. It is known that Λ V in the V-scheme can be expressed through the QCD constant Λ MS in the MS scheme [13] :
where a 1 = 31/3 − 10n f /9. From this relation and the extracted value, Eq. (9), it follows that for n f = 4 Λ MS (n f = 4, 2 − loop) = 277 ± 7 MeV which is in good agreement with the conventional value of Λ MS (n f = 4) used in high-energy processes [15] . Thus, from our analysis if follows that the conventional, small value for Λ MS (n f = 4) appears to be compatible with the large freezing value, Eq. (9), for the strong coupling.
